GC and GC-MS analyses of two diethyl ether extracts of Lonicera fragrantissima flowers (extraction times 1 and 20 days) enabled the identification of 61 components that represented ca. 90% of the extract volatiles. 10-Nonacosanol (18.1-24.1%), nonacosane (14.4-15.0%) and the rather rare long-chained fatty acid hexyl esters (octadecanoate, eicosanoate, docosanoate, tetracosanoate, hexacosanoate, octacosanoate and triacontanoate, in total 19.1-19.5%) were among the main constituents of both extracts. However, a number of differences were observed in the chemical composition of the 1 and 20 day extracts, the relative percentage of the iridoid loganetin being the most striking (19.1 and 2.1%, respectively). To the best of our knowledge, this is the first report on the GC behavior of loganetin. It seems that this and the long-chain fatty acid hexyl esters could have chemotaxonomic significance at the generic level.
The genus Lonicera L. (Caprifoliaceae) contains more than 200 species worldwide and is distributed in temperate and subtropical regions of North America, Europe, North Africa, and Asia [1a] . Different Lonicera taxa are commonly used in traditional Chinese medicines for the treatment of sores, carbuncles, furuncles, swelling and affections caused by exopathogenic wind-heat or epidemic febrile diseases at the early stages [1b] . A number of compounds, including flavonoids, iridoid glycosides and saponins, have been isolated from Lonicera species, some of which were proven to have hepatoprotective, cytoprotective, antimicrobial, antioxidative, antiviral and anti-inflammatory properties [1b-1d] .
L. fragrantissima Lindl. & Paxton (fragrant honeysuckle) is a subevergreen or deciduous shrub that can grow 2 m tall and occurs in scrub land at elevations of 200-700 m. This species is indigenous to eastern Asia, but it is readily cultivated as an ornamental because of its large, fragrant flowers and brilliant red fruits [1a] . To the best of our knowledge, the constituents of this species have not been previously investigated. Thus, the aim of this study was to provide the first phytochemical data for L. fragrantissima.
GC and GC-MS analyses of the volatiles of two diethyl ether extracts of L. fragrantissima flowers (extracts A and B, extraction times 1 and 20 days, respectively) enabled the identification of 35 (extract A) and 60 (extract B) components, that represented ca. 90% of the extracts' volatiles ( Table 1) . The dominant compound classes of both extracts were fatty acids, fatty acid esters, alcohols, alkanes (all common wax constituents) and monoterpenoids. In addition, a high relative amount of the iridoid loganetin (1,4a,5,6,7,7a-hexahydro-1,6-dihydroxy-7methyl-cyclopenta[c] pyran-4-carboxylic acid methyl ester) was detected in extract A (19.1%). 10-Nonacosanol was by far the most predominant constituent of extract B (24.1%), and the second most abundant compound in extract A (18.1%). This secondary long-chain alcohol is a common wax constituent of a number of higher plants, belonging to completely different plant families.
In the Caprifoliaceae, 10-nonacosanol has been reported previously as a constituent of L. hypoleuca [2a] , L. japonica [2b] and Symphoricarpus albus [2c] . It has also been isolated from some bryophytes [2d-2f], lichens [2g] and the cuticles of some Lepidoptera taxa (butterflies) [2h,2i] . Contrary to the scattered natural occurrence of 10-nonacosanol, some (Table 2) . Interestingly, it has been shown that the mentioned hexyl esters are aphrodisiac pheromones of some Lepidoptera species [3b,3d] .
In addition to the hexyl esters, another constituent of L. fragrantissima extracts worth mentioning is the iridoid aglycon loganetin (syn. loganin aglycon). The other terpenoids identified in the extract (for example, geraniol and linalool, Table 1 ) could be considered as biochemically closely related, in a precursor sense, to the iridoids [4c]. The iridoid system arises from geraniol by a type of folding that is different from that characteristic for cyclic monoterpenoids. A large number of iridoids are found as glycosides, for example, loganin, which is a key intermediate in the biosynthesis of many other iridoid structures, and also features in the pathway to a range of complex terpenoid indole alkaloids [4c]. It has been shown previously that iridoids can be useful chemotaxonomic markers of several genera in various plant families, such as aucubin in Plantago (Plantaginaceae), asperuloside in Galium (Rubiaceae), and aucuboside (aucubin) and harpagide in Scrophularia (Scrophulariaceae) [4d] . Up to now, loganetin has been found (glycosidically bound as loganin) to be a constituent of only a small number of plant species belonging to the Caprifoliaceae family and it seems that its distribution, within the mentioned family, is limited to the genus Lonicera (Table 2) . Thus, it seems that, in the case of the genus Lonicera, loganetin (loganin) could be considered as a chemotaxonomic marker. This is also true for the long-chain fatty acid hexyl esters that seem to possess quite a restricted distribution within the plant kingdom (summarized in Table 2 ).
Both L. fragrantissima flower extracts were highly fragrant and retained the odor characteristics of the species. The odor could be described as sweet, floral, fruity, rose, and most probably could be associated with the presence of the acyclic monoterpenoids geraniol, linalool, citronellol, geranial and neral, which form a total of 10.7 and 17.1% in extracts A and B, respectively.
Although extracts A and B shared a lot of similarities, some differences should be noted, the most striking being the relative percentage of loganetin, which was the main constituent of extract A (19.1%), but which formed only 2.1% of extract B. One of the possible explanations for this could be that in the free-aglycon (not glycosidically bound) form loganetin is a rather unstable compound in respect to oxidation [4e]. Thus, one might assume that loganetin "decomposed" to non-volatile products during the prolonged extraction period. It is worth mentioning that, to the best of our knowledge, this is the very first report of the GC behavior of loganetin (a relatively broad peak with RI=1898, HP-5 MS column), especially of its volatility under the given conditions (injector temperature 250°C, and the approximate temperature of elution 197°C).
Another noteworthy dissimilarity in the chemical composition of extracts A and B was the significant difference in the geraniol to geranic acid ratio (29.5 :1 and 3.1 :1, respectively). This suggests that one of the possible processes that took place during the prolonged extraction period was the oxidation of the monoterpene geraniol to geranic acid. These differences in the chemical composition of extracts A and B once again point out to the necessity of the application of standardized experimental procedures in comparative phytochemical investigations (for example, time of extraction), especially when these results are to be used for chemosystematic purposes.
Experimental
Plant material: Flowers of L. fragrantissima were collected from Čair Park, Niš, in December, 2008, during a short period of unexpectedly warm weather for that time of the year, causing the plant to blossom. Voucher specimens (acquisition No. 200836) , identified by Niko Radulović, were deposited in the Herbarium, University of Niš, Serbia.
Preparation of the extracts:
Fresh flowers of L. fragrantissima (two batches of 50 g) were immersed in vessels with 500 mL of diethyl ether, sealed and left in a dark place, at room temperature, for 1 and 20 days (extracts A and B, respectively). The obtained ether extracts were filtered through small columns packed with 1 g of Celite® (Merck, Germany) in order to remove all the insoluble material, and then concentrated to 10 mL at room temperature using a steam of nitrogen before GC and GC/MS analyses. The yields of dry extracts (%, w/w), obtained by complete evaporation of the solvents in vacuo, were 0.8 (extract A) and 0.9 (extract B).
Gas chromatography and gas chromatography/mass spectrometry:
The GC/MS analyses (three repetitions of each sample) were carried out using a Hewlett-Packard 6890N gas chromatograph and coupled with a 5975B mass selective detector (Agilent Technologies, USA). Oven temperature was raised from 70 o C to 290 o C at a heating rate of 5 o C/min and then held isothermally for 20 min. Helium (99.999%, Messer, Serbia) at 1.0 mL/min was used as a carrier gas. 1 μL of the concentrated diethyl ether extracts, prepared as earlier mentioned, was injected in a pulsed split mode (the flow was 1.5 mL/min for the first 0.5 min and then set to 1.0 mL/ min throughout the remainder of the analysis; split ratio 40 : 1). Extract constituents were identified by comparing their linear retention indices (relative to C 7 -C 38 alkanes [5a] on the HP-5MS column) with literature values [5b] and their mass spectra with those of authentic standards, as well as those from Wiley 6, NIST02, MassFinder 2.3, and a homemade MS library. The percentage composition of the oil was computed from the GC peak areas without any corrections.
